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■ jf- ^k .- ^'*^^,^>7,- 



Abstract 



Screen Pr«£«rtnc«t 

> 2 




LMSMr r^afn^ncttt for VMyln<3 fcr«in d'pni^ 
w#r# txananod using' miltlplo tcrssn dMiflnt..^C|4«*>'*3i<tW - 
validity) and tingla tcraan dc 
iralidity).;. Whan viawism miltipl^ 
Study tubjaett indicatad th) hiqkiiif^^^^^ 
nadiuai danaity tcxaans whila tanding^! to^^t^^ 
highar^dantity ovar louar*dantity tc^aan« in indi^^ 
coitpaxlaona* Whan viawing only tha firtt acxaan df;^;aiach 
dansity laYal in Study 11. tubjactt again, axprattadj^^^ 
praf^acancat fox highar*danaity ovar lovat^dantityydatigna . 
Suggattiona ara providad concaxning tha uaa of xaalittic and 
nonraalittic contant fox tha atimulut Mtarialt at vail at 
iitplicationt of uting axtaxnally and intaxnally'^valid tcxaan 
datignt fox futuxa xaaaarch on coToputax-batad inttxuetion 
tcxaan datign. 



Tnm continuing •xpnnsioii th« miciocomputox into 
schools, busino9sss« hospitals « and homn has craatad a 
SMrkat for instructional softvara ranging from bagmning 
nuithat»atics progrants to sophlsticatad sinulations of 
hospital anargancy toots avants. A ravisw of thasa 
instructional packagas indicat as tha intagration of 
graphics, sound, animation, and both affactiva and poor 
applications of instructional dasign (Bork 1987; Burka* 
1981; Kallar, 1987); Unf ortunataly , softvara dasignars hava 
a tandancy to dasign conputar scraans basad on principlas 
darivad from print basad rasaarch (a.g.. Hartlay, 198S}, yat 
a comparison of tha attributas of tha two madia xavaals 
savaral important di£f arancas . Computax displays (a) ara 
limitad to ona paga at a tima. (b) hava rastrict'sd backward 
paging and raviaw, Cc) ara limitad to layouts of 40 or 80. 
colimns by 24 rows, (d) provida limitad cuas as to lasson 
langth, (a) ara typically limitad to ona typafaca and ona or 
two typasizas . and (f) off ax ralativaly poor rasolution. In 
contrast to tha print ad paga, tha computar has tha 
capability to ganarata dynamic ""pagas** (a.g.t windows, 
scraan building, and animation), which can ba incraasad in 
numbar with a ralativaly smaller affact on distribution 
costs . 

Computar Sctaan Design 

Tha litaratura on computa? season dasign tands to 
follow ona o£ two approachas. Tha first approach focuses on 
typographical varxablas that tha dasignsr can manipulata to 
craata an affactiva scraan dasign. Basad on rasaarch and 
subjactiva viaws. savaral authors hava racommandad that 
displays faatura libaral whita spaca, doubla sr:^cing, a 
standard ASCII typafaca. and laf t-justif icd taxt (Allassl & 
Trollip, 198S; Bork. 1984« 1987; Grabingax , 1983: Hainas, 
1984: Hoopar 6 Hanna£in« X986). Gi van tha racant 
introduction of .^J»it|;jsappad graphics, information conearning 
tha masiipulationtof^typafc^cas , typa siza, loading, and 
similar typographical variablas will also bacons mora 
accassibla . 

A sacond approach to computar scraon dasign is tha 
manipulation of tha content . Ona such mathod is chunking 
tha matarial into maaningful thought units which ara than 
prasantad with blank (whlta) spacas bordaring aach (Bassatt. 
1985: Faibal. 1984; Grabingar 1983). Although Falio and 
DaBloois (1988) suggast chunking as an affsctiva msans of 
designing displays, rasaarch on chunking and similar mathods 
hav^ failed to show clear advantages under eitheic print or 
CBI (cf. Basset. 198S; Carver. 1970; Fiebel. 1984; Gerrel & 
Mason. 1983; 0' Shea & Sinclair. 1983). It seems important 
to consider that chunking does not change the instructional 
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content; xathur* it change* tht way th<» content 18 pc^V^nt^d 
on th® scx««n. In contrast, Mo£r:L«on. Ro0tt & ^0^l^£l|ti98@t 

^ •wipr.w r ^ 

for iMin ,7h«r loui^ thott thf Xoyt^. 

so«d «l«ni£iciintly £«st<»s than oonvttntaeMl^|^^ no 
rodti^tlon tn aohlovoiMnt. Subjoett ttltli^femtO'loM 
ovox highox^donaity toxt 6S% oi; »ht '^tliNi^^^f f^f 

In tunmry, tht«o twb «ppyMo^^^ 
vAi:&«bXot mtiii contont MsU]^«tll^^ usoful 
guidollnot tot oicr^^on dot igfiif howio^y^^^ not 
«ddro8«od tho Ittuo of how Mi;sh infoxiMtion, ''ocroon 
dontlty«* t)>o oxpotltory fr«M should contain, for oxanaplo. 
tbo intornoti>>rial Roadlng Attociatlon Coi^^utor and 
Xochnology Roadihg Coimlttoo C:i984) zoooiwonds uvlng *cloor 
and loglblo** dltplayt .with **«pi»l:oprl«to Mxglnt and 
lntorlln(» spacing**, but>i^vldoil' no oporatlonrl guidallnot 
or tpoclflcatlont to doflno^^oto qualitlat. to provldo 
dotlgnart with cloaror roconiMndatlont for optlnum dontlty 
l«volt, tho tcroen dontlty contt'ruct iiutt bo oporatlcnallzod 
and praclsaly doflnod. 
Scraon Dantity at a Datlon Varlablo 

Ona nathod of evaluating acraan daslgns Is to calculata 
th« dansity of tha total scraan by datarmlmng how leany of 
tha scraan spacas contain a charactas or ara ad}acant to a 
charactor (Tullls« 1983). It Is assu]s«>d that\lnstructional 
displays ara ralatlvaly uniform In dansity dua to tha usa of 
prosa, as conparad to instrumantatlon raadout displays which 
oftan chunk tha informstlon into dlffarant sactiohf of tha 
scraan, 

Human factors rasaarch suggasts that porformane^ arrbr 
ratss incraasa as tha danjity of a display ineraasas (5^-^^^* 
1979. Coffay. 1961; Mackworth. 1976: Rlngal and Hammar ^ 
1964). Rasaarch, howavar, on tha uppar limit of scraan 
donslty has yialdad disparata racoramandations ranging from 
15% (Danchak. 1976) to 31.2% (Smith. 1980. 1981« 1982) all 
tha way to 60% (Nj^SA. 1980) « Two raasons for thasa 
Inconsistaneias ara suggastad. First, tha displays hava 
oftan InTolrad imtruimsntation scraans and information 
displays that ara too osotaric (i.a.« uniqua to a spacifie 
anvlronmant) to ba ganaralisaabla to instructional scraans. 
Sscond. savaral of tha studlas hava usad isolatad scraan 
displays of unraalistic stimulus materials which hava low 
acologlcal validity (sua Rocs 6 Morrison, 1989). 

In a realistic lasson tha number of frames increases as 
the amount of white space Increases (i.e., screen density Is 
decreased). Thus* manipulation of screen density In a 
single frame presentation falls to account for the 
concomitant effect of the Increase or decrease in the number 
of screens required to read the same information. 
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Accordingly, m contrast with j^rovlous zi.«oarch. the prejsent 
•tudy was datlgned to •xamina l«a».rv«r pr«£«rences for 
diffarant scraan danaltlac utad to ptatant a fixad amount of 
natarlal. Dapandina on tha 

s#pz»tftnt«d, from on© to lour frames of Information vaxo 
r^qulrod to vi«w tho conttnt. 

Anothor coneorn in invattlgating teroon dontity 
proforoncos 1« tho pottlblo influanca of the typo of 
muterlal pratontod on how diffarant acraan datlffns ara 
viawad. For axatapla, Grabingar't (1983) avidanca for 
supporting low dantity acraani waa obtainad uting a 
typographical notation davalopad by Twy»an (1981) to craata 
a contant-fraa acraan rapraaantatlon of a CBI scraan. 
Specifically, tcraann wara datignad with x' t and o'« to 
raaambla actual lat^ons. Kowavar« whan raacting to displays 
of abstract or artificial nuitarials. subjacts nay prafar 
wida margins and othar lowar dansity attributas dua to tha 
graatar saliancy of aasthatic propartias whan thara is no 
naad to understand tha cont-tnt. In contrast, Judgmants of 
realistic materials would appear to demand greater awareness 
of and reliance on contextual properties (e.g., proximal 
supporting text) that help« to increase the meaning of the 
information being read. Thu^ . it is not cl»ar that 
preferences for low-density screons similarly apply to 
realistic lesson materials, especially since the low-density 
designs present the material in smaller thought units and 
consequently also necessi ate an increased numbor of lesson 
froroes . 

Accordingly, to extend Grabinger's (1983) research, the 
present study used realistic materials from an actual course 
in the subjects* academic program. We expected that with 
fixed content and raalistic displays, pzaferences for 
lower -density screens would not be as high as previous 
research in the instructional design literature generally 
suggests. A third research interest was the preferences of 
users differing in degree of CBI experience, namely graduate 
instructional design students versus undergraduate education 
students . 
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Study I 
Method 

Sub^ectt and Design 

Subjects %»mx% 23 graduate and 23 undargraduata 
education rsajors (29 famlai and 17 tnalas) vho yoluntaarad 
to par'tlclpata in the study, h palrad-^comparlton design 
(Nunnally. 1967) was anploytd involving a total of six 
unique pairings o£ four da^iity levels presented on an Applo 
lie nondchrome screen, for each of the six comparisons « 
sub]«fCt9 were presented with two different screen designs 
and asked to indicate their preference. The six comparisons 
and the two density levels within each vara presented in i\ 
random order. To begin the session, subjects completed a 
9-lt<tm attitude survey presented on the computer. Thay vera 
then presented the six compatlsons and asked to indicate 
their pref^zenca on aa^h. 

Materials 

Matorials used In this atudy are dascribed balov in the 
order in vhlch they vare used. 

Profile Data. A 9*item survey was used to determine 
subjects* attitudes towards using the microcomputer. E^rth 
item vas presented on the computer screen. Subjects reacted 
to each using a five-point scale vith 5 representing the 
roost positive reaction. Six of the items concerned the 
subjects* attitudes towards using the microcomputer for work 
or school. The remaining threa items concerned their 
attitudes towards learning how to use a microcomputer. 

Screen Displays . A single screen selected from a 
computer* based lesson used in previous studies on text 
density (Morrison, Ross, & O'Dell, 19B8: Ross at al . • 1988) 
was selected as the basic content for this study (sea Figure 
l). The material was from an instructional unit on 
statistics (Ross, 1983) currently used in an undergraduate 
education course at the same university in which the study 
was conducted. To determine the screen density of the core 
frame, all characters and spaces contiguous to the 
characters were counted and then divided by the total number 
of characters the screen could display (960 for a 40 column 
X 24 row format). The resultant density level was S3H (see 
Figure 1). The S3% density screen was then divided into two 
screens, three screens, and four screens to reduce density 
level by varying degrees. Screens were divided at logical 
points rather than according to specific character counts 
which helped maintain a uniform density level across the 
screens. The density levels for the multiple**scraen 
displays were determined by averaging the density cf each 
screen. The two-screen display had an average density level 
of 31H p6r screen, the three-screen display averaged 26^. 
and the four-screen display averaged 22^ (ses Figure l). 
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The screen display software Included a nenagettent 
component which stored the data collected at each session on 
disk for later retrieval. A second program wat used to'ill^^> 




Insert Figure 1 About Here 

Procedtire : r • / 

From 2 to 15 subjects attended each teesion 1 n V^^e^^'.^^^^^^'^^ 
two computez: labs. Both labs were equipped with Appio':/A 
aicroeomputers with 12 or 13 in. monochrome scxeene, 4. either 
one or two S.2S in. disk drives, and 64K to 128K of »emoryV\. 
^ Proctors began the session with a brief description of the- 

purpose of the study after which they booted the computersV^ 
The first screen asked subjects for their name, sex, and 
status (graduate or undergraduate). Then, subjects 
completed the 9-ltem attitude survey presented on the 
microcomputer. Subsequent screens described the experiment 
and explained the information contained on each screen. 

The six screen comparisons were presented in a random 
order. The density level randomly selected to be presented 
first in each each comparison was labeled Desiyn #1 mt the 
top of the screen and the second density level was labeled 
Design i2. The number of screens in the design and the 
particular screen presently being viewed was indicated in 
the lower left hand corner (e,g., "1 of 1", "2 of 3" • etc.)* 
A prompt in the lower right corner of the s'Jreen indicated 
that a key press would resxilt in advancement to the next 
i'^-/' - frame. After viewing both designs, subjects had the option 

of indicating their preference for one of the two designs or 
for reviewing either or both designs. Once a preference was 
indicated, presentation of the next pair of designs was 
, . . initiated. This process was then repeated for each of the I 
'^'^"^"''iyi- . remaining five comparisons. > ^ 

Results and Discussion ^ 

Paired Comparison Selections 

T4:ble 1 shows the proportion of subjects (total n • 46) 
who selected each density level when paired with each of the 
alternative levels. These proportions reflect a curvilinear 
pattern, with preferences tending to favor the two middle 
density levels (especially the 31^ level) over the lowest 
(22%) and highest (53H) levels. Specifically, the 31% level 
was favored by the majority of subjects (from 52 to 74 
percent) over each of the other three levels; the 26% level 
was favored by the majority (S4 to S6 percent) over each of 
the two extreme levels . 
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: v liai#xt, tablt 1 about h«r« % 

f o provide •n'oyiMdl^^^^^ 6£ the dtniity : ' ^* 



diit«ne«« on «i^iint'«|Tlg^^^ Tb«^'p9iii«du«« inrolw' 

flrtt coiwMtiag^ t)M,>sopettlon Valiiil ^^at^fheun in T«bl« i) 
into norml?ei«Yo-"'d«Vl«toi r. .lot okaaqpiof I'-'ttlwai^ n 
choian 0T«r a eoa«i«xl«on ttlinuiut by 84% of s«ipohd«nt«:'.\. 
would hovo • noxnolsCs •bbro) d«n«t* of Jl.OO. s«px«ionting[ 
tho ox** in th* diitxibutioR tho^ la X standoxd deviation . 
•boT* the Man. Xho noxaai -doviatot doslvad fox oach' 
itlnului^axo than avoxagod to pxodueo an ovoxall noani To 
pxavont haYing nogatlvo valuoa on' tho final •eal*. th* 
abiolut* Yalu* of tha lax9«it nogativ* Man ii added to oac^ 
of th« noani Consoquontly. tho *l«a*t pxof oxrod" itinuius 
on th> final scalo will always hav* a final moan valuo of 
0.0. For th* prosont pxofoxonc* seal*, ai ihovn in Figure 
2. th* icalo valuoi xangad fxon.O.O (22% density) to .49 
(31% density). Although th* 26% 1«t«1. was pxaf*xx*d ov*x 
th* S3% l*v*l in tholx dlx*ct 'Sbnipaxlsoh (s«* abor*). both 
had ld*ntlcal seal* scoxos o':^ .19. Basod on th*s* ovoxall 
seal* plac*iii*nts. th* 31% lav*l can b* consad*r*d th* arast 
f x*qu*ntly pr*f *x>:*d and, th* 22% l*y*l th* l*ast f r*qu*ntly 
pr*£*xr*d;-^- -^^ ..... . 



Ins*xt'Aflg"uza 2 about h*r* 



To rmxl£y thot^ tx«ndt tt«tittle«lly« t«bul«tloM woro 
aado of tho tbta^bflMM^ dontlty lovol Vat , 

choton'by;,iubjWt,^||loc«uoo •achJlWVol Judgod 49n;J*hroo' 
|W. out o£ tho ^%lk^'^fecw^ / -Iti^aixlttua ' •eor«^ ior ]^*^Jliron> 
p^^r -.V *. tubjoct wot 3*di^^"&otia'tont mam ^wiiro* l*i7|s.l\46lCi;w^^^ 

1*46 i^ox tho four doMity lovolt« rotpoetlToly (ordoriid froni 
lowoit to higho«t donslty). Tho donoity ooloctio^t ^corot 
woro thon omlyzod In two ways. Iflrtt, o FrlodMn ANOVA by 
ranks, o nonporMottie tost (Hoyt« 1981). vot u«od to 
compmro tholr crdlnol ronkingti within tubjoctt*. Although 
this tott l« lost pbworful rolotlvo to trootlng tho teoxot 
at intorvol data in a paraiMtrle tott. it was contldorod 
loot likoly to bo blatod by tho built-*ln intoxdopondoncy 
botvaan individual tubjoctt* four toloctlon tcoros (i.o.« if 
a tubjoct't tcoro for ono doniity lovol wat rolativoly high, 
hit/hor tcoro for ono or nora othor dontity lovtlt would 
hava to bo ralativaly low to corepantata) . Ratultt from tha 
Frladman test wer# tignificant. X^O) - 8.32. £ < .04. 
indacating that tha fxaquancias with which ths density 



levels v«r« t«l«ct«d u#r« differ •nt^ This outcon<* was then 
substantlatsd by psrforsnlng m xspssttsd msasurss mJiltly«rlat» 

to^aX scorss, F (3.43) « £ < .03. Fol3;owup 

compltrlsons of'^iMAM ii«r«^ using ths Tuksy HSD 
proesdurs. Only ths <ll££fxsnes bstw^an ths 31% and 22% 
Isvsls was signi£lcant''(£ < iOS).; 

Ths abov'j rssults provl^s infornwktion on how ths 
individual dsn^city l^vsls wsra ]%dg«d rslatiys to ons 
anothsr. A somswhat di£i#ts|^t quM^^ or 
not ovsrall pi;s£sxsness t«fMlid to £avor« as ths litsratura 
suggssts« lowtr-dsnsity ovsr highsr^dsnsity dssigns. 
Howsvsr, tabulations across subjscts on ths six 
pairsd-comparison trials iiidicatsd tha opposits pattaxn: 1S6 
(57 psrcsnt) sslsctions £avolrsd ths highsr dsnsity 4Mi«n 
whsrsas only 120 (43%) £avorsd ths lowsr dsnsity dsslgn. 

Individual Diffarsncas Outcomss 

Furthsr analysss sxaminsd dsnsity prsfarsncss and 
attitudss as a function of sub] set gsndsr and acadsmic group 
(graduats vsrsus undsrgraduats) . Dspsndant variablss wsrs 
ths four dsnsity Icvsl total scorss« ths total nuisbsr of 
lowsr dsnsity dssigns sslactsd across trials, and scorss on 
sach of ths nins attituds itsins. Using t tasts for 
indspsndsnt samplss, nons of ths group offsets for sithsr 
individual diffsrsncs varlabls was significant. Fir^^lly. 
corrslatiCAs batwssn ths numbsr of lowsr-dsnsity dasigns 
S€lsctsd and ettituda scorss wsrs consistsntly low and 
nonsignificant . 
Suininary 

In contrast to rsconmsndations in ths litsraturs . ' 
(Allsssi & Xrollip, 1985; Bork. 1984. 1987; Crabingar .S1983: 
Hsinss, 1984; Hoopsr & Hannafin. 1986) for assigning lowar 
dsnsity scrssns, thcss rssults showsd.that subjscts tsiidad 
to prsfsr hi ghar -dsnsity scrssns. Ths ralativaly strongar 
prsfsrsncss for ths 31% (intsrnsdiats) dsnsity Isvsl »»y . . 
suggsst that subjscts wsrs attanpting to balancs aasthsitlc;^ . 
propsztiss (i.s., psrcslvsd rfadability and visual appaal) 
with sithsr or both (a) ths dsgrss uf contsxtual support and 
(b) ths numbar of scrssm in tha Issson. If ths lattar wara 
tha ksy factor, thsn prsfsrsncss for ths lowsr dsnsity (isors 
spacious) dssigns would sssm liksly to incrsass if 
corrssponding incrsasss in ths numbsr of scrssns wsrs 
prsssntsd by prsssnting only ths first scrssn of sach scrasn 
dsnsity Isvsl as in Grabingsr's (1983) study. Study II was 
conductsd to tsst this intsrprstation. 
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Study II 

r«plicabllity o£ th% Study I results wh»n only th« first 
tcx«tin of 9ach dontiity vas prasentad* It vat 

pradlctad that in thl« ca«a. atrongar pxafaranca for tha 
lowar darwlty acraans vculd ba indlcatad thar In Study 1. 
tinea raductions in dansity Xaval would not xaquira having 
to raviaw a graatar nunibar of f raiBas . 

M athod 

Subjacta and DatigR 

Sub] acta wara 27 grad^aata and 12 undargraduata 
aducation najort (34 faiMtlat and 5 nalat) who voliintaarad to 
participata in tha atudy and had not participatad in Study 
I. Tha aana pairad-coiaparison datign at in Study X vat 
amployad. 

Matarialt and Procadurat 

Tha ttinulut matarialt vara tha tama at utad in Study I 
t^ith ona changa. Only tha firtt tcraan for aach dantity 
conipariton vat pratantad. Tha inttructiont vara nodifiad to 
indicate that tubjactt would viav only tha firtt tcraan of 
information in tha tix datignt, but in a raal latton thay 
would naad to viaw taveral tcraant to obtain all of tha 
ralavant information. 

As in Study I. tha firtt tcraan atkad tubjactt for thair 
narat. tax. and ttatus (gmduata or undargraduata). Tha 
9-itam attituda turvay vat than pratantad. follovad by 
instructions for tha pairad-coapariton tatk. Tha t^K tcraan 
comparisons wara prasantad in a random ordar , with ^ha 
dansity lavals in aach randomly dati^natad as Dasign tl or 
Dasign *2 at tha top of tha scraan. Again, subjacts had tha 
option of viav/ing aithar or both dasigns as many times as 
dasirad bafora indicating thair prafaranca. 

Rasults and Discussion 

Tha proportion of subiacts (total n « 39) who salactad 
aach dansity laval in tha aaparata comparisons is ahovn in 
Tabla II- Kara, in comparison to tha curvilinaar trand of 
Study tha pattarn is diractly linaar • vith tha 
highar-dansity dasign consistantly prafarrad ovar tha 
lowar **dansity dasign. Application of tha linaar scaling 
procadura. #^s diagrammad in Figura 3. raflacts this pattarn. 
iihowing tha scalad acoras to incraar^a. from 0.0 to .49, as 
dansity laval Incraasas . As in Study 1. tha total numbar of 
timas subjacts ;;slactad aach dansity laval wara tabulatad. 
Ovarall maans wara 1.13. 1.49. 1.62. and 1.77 (out of a 
possibla 3.0) for tha four lavals raspactivaly . Howavar . 
naithar tha Friad.T>an analysis of ordinal rankings nor tha 
rapaatad maasuras AHOVA on salaction total scoras indicated 
a significant diffarance batwaan lavals. although tha lattar 



11 424 



approached significanca ( £ < .08). Acrots all compaxicons , 
howaYi^r, nubjacta chosa tha hlghar ^dantity datign 14S (62 
ttArgan^) tl!!!9s <snd tha Xo¥as**dansity daslgn only S9 CZB ^ 
parcant), (i) - 12-93, £ < .001. Thus, comp/^rad to Study 
I, wiula no particular dantity laval amargad at 
significantly mora or last daslrabla than others, thara was 
an avan stronger tendency to talect hlgher**dentlty datlgn of 
each pair . 



Insert figure 3 About Hare 



Individual difference comparisons ware made for acadaisic 
status , but not for gander due to the very snail nurrbar of 
males (5 out of 3^) in the sample. Differences were 
significant on the selection totals for two density levels. 
Undergraduates selected the 31% level an average of 1.03 
times (i.e., on 36H of its comparisons) whereat graduate 
students selected it an average of 1.85 times (a BOS rate), 
t(38) - 2.24, £ < .05. For tha S3H level, the opposite 
pattern occurred, with the undergraduate students selecting 
it mora frequently ( M - 2.33, rate • 78H) than tha graduate 
students ( M - 1.51, rate - 50%), tC38) - 2.00, £ < .05. No 
di££ar<9nce8 between graduate and undergraduate students witra 
found on any of th^n attitude items or on the total ntunber of 
low«r-density designs selected across trials « 

Discussion 

In contrast to previous i^tudies and recommendations in 
the instructional design liter«\ture (Allassi 6 Trollip, 
1985: Bork. 1984. 1987; Grabingar. 1983: Haines, 1984; 
Hooper 6 Hannafin, 1986), subjects in tha two studies 
indicated a string pref aranea for learning from high density 
screens as opposed to low*-density screens « These results 
were ganoirally consistent for males and females, and for 
inexperienced and axperlancad users « The suggestion is that 
t||ie use of realistic stimulus materials may produce 
different results than obtained with nonraalistlc stimulus 
materials (e.g*, Grabil^r»• 1983) or with Ijtf ormational 
(e.g.« machine status) displays Ca<g., Danchafc, 1976; 
Smith, 1980, 1981, 1982). 

A question still remains as to why subjects indicated a 
preference for higher density screens over lower density 
screens in the individual comparisons. If only tha ?;esults 
from Study I are considered, one might conclude that higher 
density screens were selected to avoid the additional effort 
(keypresses) and presentational discontinuities involved in 
Viewing the additional screens of the lower density version. 
In Study II, however, only the f^rst screen o£ each density 
level was viewed, yet even somewhat stronger preferences for 
higher density screens occurred. Thus, tho ** additional 
effort** hypothesis suggested from Study I was not supported. 
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A more likely lnt«rpr«tatlon suggests consideration by 
subjects of the informational qualities of the display. 

CA^M^w •••www *iww •'•^^ww**— —j-^-. — — ^ - ^^«»«.«»«.^» 

'<^.ontalnlng realistic content and the other nonrealistic 
content; and two comparable ecraens of approxinately S3^ 
screen density. . Saemlngly* in visually comparing the tvo 
nonrealistic or "content frea* displays • the lower density 
screen will appear mora spacious and aasler to read* When 
the two screens containing raallstlc contant, however* are 
compareC. one must not only consider aesthetic properties, 
but also the amount of contextual support needed to learn. 
A high density dasign increases contextual support by 
presenting maximum information (both main ideas and 
supporting explanations or examples) on a single frame* By 
glancing forward or backward the student can obtain cues 
that facilitate the procasslng of a word or phrase. Low 
density frames minimize this contextual support which should 
normally disrupt the processing of Information. (Consider, 
for axample. the extreme case of reading a novel in which 
only one or two sentences appear on each page). It thus 
appears that the conte:ctual properties of the current 
displays of realistic material had a greater influence on 
learner preferences than the aesthetic properties. Changing 
the context of the material or the processing demands of the 
task, however, might alter the relative Importance of these 
two features. Further research is needed to substantiate 
this hypothesis. 



Insert Figure 4 About Here 



The present research calls attention to two salient 
problems for instructional designers and researchers in the 
area of CBI screen displays. First, instructional designers 
who base design decisions on human factors research should 
use caution when attempting :.o apply heuristics proposed for 
informational displays to the design of instructional 
displays. Informational displays, which are designed for 
*qulck gi«ince* raadlng. present information in a consistent 
location and vary only part of the display (e.g., monitor 
readouts). Instructional displays, however, are designed 
for slower or more deliberate processing of all the content. 
Thus, each has a different purpose and will typically 
require different design heuristics. 

Second, for the reasons proposed in the preceding 
paragraph, subjects may apply different parspectlves when 
reacting to nonrealistic as opposed to realistic stimulus 
materials in screen design studies. Although nonrealistic 
materials have internal validity advantages for basic 
research, results need to be verified with ecologically 




valid materials before heuristics for screen designs are 
generated (Ross & Morrison. 1989). 

!t should also b* noted that screens formatted in 
symbolic notation such as Twyman s (1981) may not be 
« directly comparable to text screens of tha same computad 
text density level due their use of solid linew of x' t or 
o*"s as contrasted to lines of nonsense words or real vords 
separated by spaces* It is recommended that researchers 
interested in content free stimulus materials consider the 
potential of approximations to English (Morrison, 1986; 
Shannon 6 Weaver, 1964) that maintain the same structure as 
a realistic screen without conveying meaning. 

As a final point, the absence of an operational 
definition of low and high density screens makes it 
difficult to compare results across studies and to translate 
findings into effective design practices. To provide for 
consistency in design and research, the adoption of a 
standard method of calculating screen density is needed. 
Tullis' (1983) method seems appropriate fox this purpose by 
basing screen density on the number of characters and 
contiguous spacs^s on the screen. Consistent terminology 
should also be used in classifying and referring to screens 
of varying density. For exampla, sc?:eens with density 
levels 22S or lass might ba lab'^lad as low-density, those 
with densities between 26^ and SOS as medium density, and 
those above SOS as high density. Although these cutoffs aro 
arbitrary, they approximate discriminations made by subjects 
in the present research and would help to eliminate tha 
current situation of one researcher's "low-density" display 
being structurally identical to another's "high-density" 
display. 

It is suggested that future research on CBI screen 
design take three directions. First, researchers should 
focus on identifying optimum screen densities as opposad to 
mlnlmiim or maximum tolerable densities. This approach 
differs from earlier resea^^ch In the field of instructional 
technology which focused on such factors as the minimum siza 
for projected letters (cf . Phillips, 1976). Based on the 
present findings ragarding learner preferances, the optimum 
density level appears to ba between 31H and 53H (medium to 
high)* Second, additional rasearch is needed to test the 
generality of these findings using different types of 
stimulus materials (realistic in various subjact araas and 
levels versus nonrealistic ) , Quantitative oriented subject 
material, for exampla, may require different design 
considerations than would lessons in English or history. 
Although the present results were similar in Studies I and 
II, the use of multiple frames for high external validity 
seems advisable to permit generalization of findings to 
actual lessons. Third, current research on CBI screen 
design has focused almost exclusively on learner preferences 



for different designs. Future z^t^arch n«#dt to investigate 
the Implications of thata daslgni for achiavaratnt as wall. 
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Tabl« 1 



Proportion of Tlimt D^ngxtyr Lavlg within Each r^Xxmd 
Compaziion Woro Solocfd llPgtiidv 1 



Palrad Conjpatlton 



ilS 26^ 22V m 22% S0» 26% 31» ' 26% 50% 31% S0% 
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